Aims: To compare and evaluate the germination index of caryopsis obtained by means of different crossing methods and to determine the quantitative of seeds to be used to compose the base population for selection among families by the Simplified Selection System (SSS) method. Study Design: The experiment was conducted under a completely randomized design. Place and Duration of Study: Devaneio Station of Sugarcane Flowering and Crossing and Experimental Sugarcane Station of Carpina, between February 2018 and December 2018. Methodology: 27 crosses were performed, being eight biparental, ten polycrossing and nine self- Ramos et al; JEAI, 32(3): 1-7, 2019; Article no.JEAI.47731 2 fertilized. Germination tests were carried out in the greenhouse. From each crossing, four samples were sown with 0.5g caryopsis. The number of germinated caryopsis per box, five and thirty days after sowing, was evaluated to estimate the percentage of germination (% G). Results: In the first evaluation, the C27 crossing (53.73%) presented the highest average. The caryopsis obtained by self-fertilization (12.82%) presented the highest germination average, followed by the polycrossing (10.88%) and the biparental crosses (9.99%). In the second evaluation, it was found that the crosses C8 (76.74%), C27 (61.02%), C3 (53.99%) and C13 (49.65%) presented with averages high. The highest percentage of germination was verified by the biparental method (31.10%), followed by the self-fertilizations (21.35%) and the polycrossing (20.43%). Conclusion: Only crosses that show high germination are recommended for the composition of the families that will be evaluated through the Simplified System of Selection; caryopsis obtained through self-fertilization germinate rapidly compared to the methods of the polycrossing and biparental with respect to crosses between selected energy-sugarcane parents; biparental crosses between selected energy-sugarcane parents tend to have higher fertility of caryopsis than those obtained by means of polycrossing or self-fertilization; the families C1, C3, C8, C13, C26 and C27 can be used to compose the base populations in the SSS.
INTRODUCTION
The genetic improvement of sugarcane presents a long and expensive cycle, taking from 12 to 15 years until the release of a new variety [1] . According to Melo [2] , it is important to invest in methodologies that can reduce the time until the release of a new variety.
For this purpose, the Simplified Selection System (SSS) was developed, which presents significant modifications in relation to the classical selection system. Among the main changes were: the method of obtaining and conducting the segregating population, the genetic selection of the family via Restricted Maximum Likelihood (REML) and Best Linear Unbiased Prediction (BLUP) and the early selection of sugarcane clones [2] .
In both methods, the selection of new sugarcane genotypes by genetic improvement is carried out via plant populations obtained by means of seeds (caryopsis) [3] . However, in the SSS system, it is important to evaluate the fertility of caryopsis and to estimate the amount of caryopsis to be sown so that the populations present the same number of seedlings, unifying the competition between plants for space, water, light and nutrients.
The fertility of caryopsis may vary according to the method of crosses used, environmental, genetic and physiological factors [4, 5] . The influence of such factors makes it difficult to obtain the seedlings, which will make up the base population for selection. Each crossing presents an intrinsic value of fertile caryopsis, making it necessary to perform previous germination tests.
The conduction of such tests is still quite disputed in the literature, since sugarcane caryopsis is not a commercial product and does not present standardized evaluation norms and described in the Rules for Seed Analysis [6] . Some studies were carried out by Cabral [4, 7] and Caiero [8, 9] , who estimated the evaluation parameters of such seeds. According to Caiero [8] , it is important to carry out studies aimed at understanding the physiological qualities of caryopsis.
In this context, the objective of this work is to compare and evaluate the germination index of caryopsis obtained by means of different crossing methods and to determine the quantitative of seeds to be used to compose the base population for selection among families by the SSS method.
MATERIALS AND METHODS
Initially 27 crosses were performed, being eight biparental, ten polycrossing and nine selffertilized, according to The test was conducted in a completely randomized design, according to the model:
, where: y (ij) is the data observed in plot ij; µ is a constant (general mean);  (i) is the effect of the treatment i and  (ij) is the experimental error of plot ij. The F test (P < 0.01, P < 0.05), the Schott and Knott clustering test (P < 0.05) [15] and the Tukey test (P < 0.05) were performed using the GENES software application [16] .
From each crossing, four samples were sown with 0.5g caryopsis in plastic boxes (50 x 30 cm) containing substrate (composed of sugarcane press mud/filter cake and straw), which were subsequently covered with napkins.
The number of germinated caryopsis per box, five and thirty days after sowing, was evaluated to estimate the percentage of germination (% G). The reference value proposed by Cabral [7] was used to estimate the amount of fertile caryopsis in 0.5 g. According to the author, in 2g of unselected caryopsis, it is possible to obtain 1152 seedlings. Thus, theoretically observed at 0.5g it is possible to obtain 288 seedlings. 
RESULTS AND DISCUSSION
According to the F test, there was a significant difference at the 1% probability level for the source of variation caryopsis fertility. The coefficients of variation were 13.95% and 10.66% for the first and second evaluation, respectively, being considered medium, which demonstrates good experimental precision [17] . Such precision, in this case, is closely associated with good homogenization of caryopsis before sowing, as described in the Rules for Seed Analysis (RAS) of the Ministry of Agriculture Livestock and Food Supply (MAPA) [6] ( Table 2 ).
Due to the significant effect for the source of variation caryopsis fertility, the method of Schott and Knott [15] was applied to form the groupings of the means. In the first evaluation, ten distinct groups were formed by the method of Schott and Knott [15] . It was verified that the crossing C27 (53.73%), with a germination index above 50%, obtained through self-fertilization, presented the highest germination average of the caryopsis, as opposed to the data obtained by Cabral [4] , which concluded that the highest percentages of fertile spikelet's and caryopsis with higher physiological potential were obtained from multiple crossing. The highest mean germination of caryopsis, obtained through polycrossing, was also verified in the study presented by Caiero [8] (Table 3 ).
In turn, in the second evaluation, eleven groups were formed. It was found that the crosses C8 (76.74%), C27 (61.02%), C3 (53.99%) and C13 (49.65%), although they were statistically different, presented with averages high. It was observed that the C8 crossing, obtained through the biparental method, presented the highest germination average of the caryopsis, followed by the C27 crossing, which was acquired through self-fertilization, once again diverging from the considerations made by Cabral [4] and Caiero [8], where both stated that the highest averages come from polycrossing (Table 3) . [15] Once that there were divergences in the literature regarding the crossing method of Saccharum spp. which can generate more fertile offspring, proceeded a comparative analysis of averages between the methods that were worked out, according to Table 4 .
Due to the significant effect for the crossing methods, the Tukey test at 5% probability was applied to identify the method that presented the highest percentage of fertile caryopsis, according to Table 5 .
In the first evaluation, the caryopsis obtained by self-fertilization (12.82%) presented the highest germination average, followed by the polycrossing (10.88%) and the biparental crosses (9.99%). However, in the second evaluation, the highest percentage of germination was verified by the biparental method (31.10%), while the self-fertilizations (21.35%) and the polycrossing (20.43%) were not statistically different from each other. It is inferred that the germination of the caryopsis obtained through self-fertilization shows a higher germination speed in the first days after sowing, whereas the biparental and polycrossing present a slower germination speed. However, the biparental showed greater germination power at the end of the last evaluation (Table 5) .
After estimating the percentages of caryopsis germination, it was possible to establish the quantitative data of the caryopsis to be sown and to relate the crosses that will enter the simplified selection system (SSS). According to Melo [2] the population density for composition and selection of families is one seedling per square centimeter. Taking into account that the sowing was carried out in boxes with dimensions of 40 cm x 30 cm, the total area corresponds to 1200 cm², making it necessary to obtain 1200 seedlings per family.
It is observed in Table 6 that a large amount of caryopsis will be necessary to compose the base population with the same number of plants, by the majority of the crosses. According to Simões-Neto [1] , it is necessary 3 g of seeds to compose the basic populations for the classic genetic improvement, in which the physiological quality and the percentage of germination of caryopses are not measured. However, in the SSS method, it is important to estimate such parameters [2] . According to Ramos [18] , the evaluation of the percentage of caryopsis germination can be done with 0.6 g of unselected caryopsis. The reduction of the seed quantity occurs due to the high density of the seedlings, which favors greater competition for space, water, light and nutrients.
Thus, in order to work with the study population, it will be necessary to reduce the density of plants per cm² so that the limit of 3 g per box is not exceeded. The exact number is still under study and soon more information will be available in the literature. 
CONCLUSION
Only crosses that show high germination are recommended for the composition of the families that will be evaluated through the Simplified System of Selection.
Caryopsis obtained through self-fertilization germinate rapidly compared to the methods of the polycrossing and biparental with respect to crosses between selected energy-sugarcane parents.
Biparental crosses between selected energysugarcane parents tend to have higher fertility of caryopsis than those obtained by means of polycrossing or self-fertilization.
The families C1, C3, C8, C13, C26 and C27 can be used to compose the base populations in the simplified selection system. armazenamento 
